The optimisation of the plasma shaping and magnetic configuration in magnetic confinement fusion devices has led to the adoption of plasma tori with elliptical and slightly triangular poloidal cross sections and to a magnetic field line topology characterised by the existence of a separatrix outside the plasma. It is well known that such a configuration is dynamically unstable to rigid, axisymmetric plasma displacements along the direction of elongation (we shall refer to these modes as vertical displacements, regardless of the actual direction of elongation) [1] . Stabilisation usually requires a conducting wall [2] and feedback stabilisation schemes based on external, current carrying coils [3] . In this paper we revisit the vertical stability of elongated plasmas by considering a particular plasma equilibrium with an elliptical cross section, characterised by the presence of a double-null magnetic separatrix [4] . In particular, we analyse the effect of localised external electric currents on the mode stability, by means of a modified MHD energy principle that generalises the variation of the vacuum potential energy to the case where feedback magnetic fields are generated by localised external currents. The analysis presented below has been published recently in Ref [5] .
I -Introduction
The optimisation of the plasma shaping and magnetic configuration in magnetic confinement fusion devices has led to the adoption of plasma tori with elliptical and slightly triangular poloidal cross sections and to a magnetic field line topology characterised by the existence of a separatrix outside the plasma. It is well known that such a configuration is dynamically unstable to rigid, axisymmetric plasma displacements along the direction of elongation (we shall refer to these modes as vertical displacements, regardless of the actual direction of elongation) [1] . Stabilisation usually requires a conducting wall [2] and feedback stabilisation schemes based on external, current carrying coils [3] . In this paper we revisit the vertical stability of elongated plasmas by considering a particular plasma equilibrium with an elliptical cross section, characterised by the presence of a double-null magnetic separatrix [4] . In particular, we analyse the effect of localised external electric currents on the mode stability, by means of a modified MHD energy principle that generalises the variation of the vacuum potential energy to the case where feedback magnetic fields are generated by localised external currents. The analysis presented below has been published recently in Ref [5] .
II -Vertical stability of an elliptical plasma column
We consider an elliptical cross section cylindrical plasma, carrying a constant current density directed along the z-axis, up to the plasma surface (
) and surrounded by vacuum (see Fig.1 ) [4] . The plasma extends in the z direction and all physical quantities vary in x or y. We write the magnetic field in terms of a magnetic flux function as The vertical instability is well described by the ideal MHD energy principle. The growth rate, γ, of a given perturbation in the plasma displacement vector, ξ r , can be evaluated as
, where δW p , K represent, respectively, the change in the potential and kinetic energy due to the perturbation and δW S represents the energy spent in order to displace the equilibrium plasma boundary. Using
, where ξ=constant up to the plasma boundary and zero outside, we obtain for the perturbed magnetic field inside the plasma, vanishing perturbed current density in the vacuum region. From continuity of the flux across the plasma boundary and vanishing flux at infinity (µ→∞) , we obtain
When there is just vacuum outside the plasma (no feedback currents), δW S is shown to be equivalent to the perturbed magnetic energy over the entire vacuum volume [2] , i.e. 
Since a>b, one therefore concludes that the rigid displacement is unstable.
III -Stabilisation of the vertical instability with external currents
With feedback currents, I ext , in the vacuum region, directed along the z-axis and localised on the ellipse E µ = µ , as shown in Fig. 1 , the plasma surface contribution (δW S ) can no longer be equal to the perturbed magnetic energy over the entire vacuum volume. In fact, owing to the feedback currents flowing along the surface S E ( E µ = µ ), one has to take into account the tangential discontinuity in the magnetic field. It is helpful to divide the vacuum volume into two regions, labelled I and II in Fig. 1 . Consequently, the perturbed magnetic energy over the overall vacuum volume is given by
where A is the vector potential, n and n E are the vectors normal to, respectively, the plasma surface and S E , 
Assuming the I ext to scale linearly with the perturbation, i.e. 
IV -Conclusions
In this paper, we have investigated the possibility of vertical mode stabilisation by means of external localised feedback currents. The ideal MHD energy principle has been used, incorporating in an innovative way the stabilising effect of localised external currents.
This approach leads to an accurate quantitative description of the mechanical force balance characterising the interaction between the external currents and the current carrying plasma column.
